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Microstructure and Corrosion Properties of Zn-Ni Co-cementation Layer

XU Penghui  WANG Shengmin LE Linjiang ZHAO Xiaojun GAO Kai
(Faculty of Materials Science and Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: In order to improve the structure and corrosion performance of the traditional sherardizing layer, nickel formate and zinc
powder are used as the infiltrating agent metal, and the Zn-Ni cementation layer is prepared on the surface of Q235 steel by the
mechanical energy assisted technology. The surface, cross-section and fracture morphology of the Zn-Ni cementation layer are
characterized by scanning electron microscope (SEM), EDS spectroscopy and X-ray diffractometer (XRD); Electrochemical behavior
of Zn-Ni cementation layer immersed in 3.5%NaCl solution is analyzed by polarization curve and electrochemical impedance
spectroscopy(EIS). Corrosion resistance of Zn-Ni cementation layer is tested by neutral salt spray test. The results show that the
thickness of the Zn-Ni cementation layer is 153 pum; the layer is mainly composed of I' (Fel1Zn40) phase, { (FeZnl15) phase and
NipZn;; intermetallic compound, cementation layer combination method belongs to metallurgical bonding. The neutral salt spray
experiment of Zn-Ni cementation layer is longer 240 h than Zn cementation layer when appearing red rust spots, the self-corrosion
potential move from —1.222 V to —0.957 V, impedance modulus of layer resistance is increased by 352 Q « cm?; Ni has significant
value in improving the surface structure and the corrosion resistance of the infiltration layer. Comprehensively show that the Zn-Ni
cementation layer prepared by adding nickel formate has significantly improved structure and performance compared to the
sherardizing layer.
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Table 1 Raw materials of experimental

Material name Chemical formula Grade
Nickel formate Ni(HCOO), Analytically pure
Ammonium chloride NH,4C1 Analytically pure
B-Alumina B-ALO;s 99.9%
Zinc powder Zn 99.9%
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Fig.2 Process flowchart
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Table 2 Powder ratio and content

Sample Ingredient and Content
Zn-Ni Zinc powder 500 g Alumina powder 1 kg Nickel

n-1 formate 75 g Ammonium chloride 20 g

Zinc powder 500 g Alumina powder 1 kg
Zn Ammonium chloride 20 g
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Fig. 4 EDS energy spectrum of Zn-Ni co-cementation

layer on surface
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Fig. 8 Polarization curves of sherardized sample and

Zn-Ni co-cementation sample in 3.5%NacCl solution
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Table 3 Tafel fit parameters for the polarization curves

Sample Coqosion Co'rrosion currenE2 . Polarization ,
potential / mV  density / (LA « cm ™) resistance / (Q ¢ cm”)
Zn -1222 259 8
Zn-Ni -957 1147 18
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Fig. 9 Impedance spectra of sherardized sample and Zn-Ni

co-cementation sample in 3.5%NaCl solution
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Table 4 Fitting parameters of EIS equivalent circuit

Circuit parameters Zn Zn-Ni
Solution resistance / (€ * cm?) 6.832 7.157
Coating resistance / (Q = cm?) 3.788x10? 4.471x10°
Corrosion product resistance / (Q * cm?) — 3.598
Corrosion gap solution resistance / (Q * cm?) 7.779 0.8732
Electrode surface capacitance / (F » cm™)  1.301x107 5.498x107°
Comm ot s SR
Non-ideal capacitance 0,/ (F * cm™) — 5.976x107
Dispersion index — 7.702x107"
Non-ideal capacitance 0,/ (F * cm™) 8.770x107 —
Dispersion index 5.837x107" —
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Fig. 11 Surface morphology of 288h corroded by salt spray
effect on phase stability and mechanical properties of
3 % ‘/[:\‘ v"-Ni;Nb precipitates with first-principles calculations[J].
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